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An EEPROM cell has a first MOS transistor 
formed in a semiconductor substrate 1 of a first 
conductivity type and having current conduct- 
ing regions 2a, 2b of a second conductivity type 
and a gate electrode 3, a well 4 of a second 
conductivity type provided in the substrate, a 
plate electrode 7 formed on the well with an 
insulating layer interposed therebetween, and 
at least one region 5 of the first conductivity 
type formed in the well adjacent to the plate 
electrode. The gate electrode and the plate 
electrode are connected in common and act as 
a floating gate 8. The well acts as a control gate. 
The EEPROM cell can be manufactured with 
ease by the standard CMOS process. 
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The present invention relates to an electrically 
erasable and programmable read only memory (EE- 
PROM) cell, such as may be produced using CMOS 
technology and incorporated into a CMOS logic LSI 
chip. 

Non-volatile random access memories (RAM's) 
are used in various systems. For example, they are 
used as a system configuration data memory in a per- 
sonal computer, a data register for suspend/resume 
function, a program memory for error checking, and 
a data memory for an IC card. The memory capacity 
required for such non-volatile memories is not very 
large and may often be sufficient in the range from 
several kilobits to several hundred kilobits. 

When such a non-volatile RAM of a small capaci- 
ty and a logic LSI such as a gate array or a micropro- 
cessor can be formed together in the same semicon- 
ductor substrate, production costs and the size of the 
device can be greatly reduced. However, due to the 
difference between the respective production proc- 
esses, it is difficult to form them in a mixed manner 
together in the same semiconductor substrate. For 
example, a typical non-volatile RAM is an EEPROM 
memory of stacked gate structure in which a floating 
gate and a control gate are stacked, but such a mem- 
ory cannot be manufactured through the standard 
complementary metal oxide semiconductor (CMOS) 
logic LSI process. That is because the standard 
CMOS process employs a one-layer polysilicon de- 
position step whereas the ordinary stacked gate 
RAM's require two polysilicon deposition steps for the 
floating gate and control gate. The ordinary stacked 
gate RAM's further require a step of depositing a very 
thin oxide layer between the two gates that is not 
used in the standard CMOS process. 

Consequently, it is conventional in the prior art to 
form the non-volatile RAM and logic LSI in separate 
chips which are subsequently combined, or to modify 
the standard logic LSI process to allow the non-vola- 
tile RAM and logic LSI to be formed on the same chip. 
However, these methods are costly. Modifying the 
standard process also has a drawback in that it not 
only complicates the process but also requires strict 
process control. 

Japanese Published Unexamined Patent Appli- 
cation (PUPA) 3-101168 discloses a non-volatile 
memory with a low power consumption formed 
through the CMOS process. In this patent application, 
between a program bit line and a ground potential are 
connected in series a first PMOS transistor, a second 
PMOS transistor, and an NMOS transistor. A floating 
gate is formed by the gates of the second PMOS and 
the NMOS transistors which are connected in com- 
mon. The gate of the first PMOS transistor is connect- 
ed to a word line. The common junction between the 
second PMOS and the NMOS transistors is connect- 
ed to a read bit line. When writing data, the program 
bit line and the word line are simultaneously selected 



to turn on the first PMOS so that the positive potential 
on the program bit line is coupled to the second 
PMOS transistor. In this state, the floating gate and 
the drain of the NMOS transistor assume a positive 
5 potential and inject hot electrons into the floating 
gate. 

However, the method disclosed in PUPA 3- 
101168 is not practical. That is, to generate hot elec- 
trons in the NMOS transistor, a high voltage must be 

10 applied to the drain of the NMOS transistor. However, 
since the NMOS transistor is connected in series with 
the two PMOS transistors which inherently have low 
conductance, a considerably large voltage must be 
applied to the program bit line to generate a required 

15 voltage at the drain of the NMOS. On the other hand, 
widening the channel width and thus enlarging the de- 
vice size to increase conductance results in a larger 
gate capacitance of the PMOS transistors. The vol- 
tage of the floating gate is determined by the gate ca- 

20 pacitance ratio of the PMOS to the NMOS transistor. 
Thus an increase in the gate capacitance of the 
PMOS transistor raises the floating gate voltage. As 
a result, the conduction of the PMOS falls, and the 
drain voltage of the NMOS falls. Consequently, the 

25 technique disclosed in the above patent application 
requires, in practice, not only a large writing voltage 
but also the fulfillment of contradictory requirements 
and thus is not practical. Besides, three FETs per cell 
are required. 

30 Thus the prior art does not provide an EEPROM 

cell that can be easily manufactured through the stan- 
dard CMOS process, for incorporation for example 
into a CMOS logic LSI chip. 

Accordingly, the present invention provides an 

35 EEPROM cell comprising a first MOS transistor 
formed in a semiconductor substrate of a first conduc- 
tivity type and having current conducting regions of a 
second conductivity type and current gate electrode, 
a well of the second conductivity type formed in the 

40 substrate, a plate electrode formed on the well with 
an insulating layer interposed therebetween, and at 
least one region of the first conductivity type formed 
in the well adjacent to the plate electrode. The gate 
electrode of the first MOS transistor and the plate 

45 electrode are commonly connected and serve as a 
floating gate. The well serves as a control gate. 

In a preferred embodiment, the well and the at 
least one region of the first conductivity type are con- 
nected to a word line. One of the current conducting 

so regions (drain region) of the first MOS transistor is 
connected to a bit line whereas the other current con- 
ducting region (source region) is connected to a 
ground line. 

Preferably, the above at least one region of the 
55 first conductivity type is provided by a second MOS 
transistor formed in the well. In this case, the above 
at least one region of the first conductivity type is pro- 
vided by at least one current conducting region of the 
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second MOS transistor and the above plate electrode 
is provided by the gate electrode of the second MOS 
transistor. 

An EEPROM array can then be constituted as an 
array of the above EEPROM cells arranged in rows s 
and columns. In a preferred. arrangement, a word line 
is provided for each cell row and is commonly con- 
nected to the wells and the regions of the first conduc- 
tivity type in its associated cell row. Each of at least 
some of the bit lines is shared by a pair of cell columns 10 
and is commonly connected to one current conduct- 
ing region of the first MOS transistors in its associat- 
ed pair of cell columns. Each of at least some of the 
ground lines is shared by a pair of columns connected 
to different bit lines and is commonly connected to the 15 
other current conducting region of the first MOS tran- 
sistors in its associated pair of cell columns. 

Such an EEPROM array may be incorporated into 
a portion of a MOS logic LSI chip. 

The combination of the gate electrode of the first 20 
MOS transistor and the plate electrode commonly 
connected to each other serves as a floating gate, 
and the well serves as a control gate. Strictly speak- 
ing, the combination of the well and the at least one 
region of the first conductivity type therein will serve 25 
as a control gate, but the well mainly plays the func- 
tion of the control gate, whereas the at least one re- 
gion of the first conductivity type serves as a carrier 
source for facilitating the formation of an inversion 
layer. In the absence of the at least one region of the 30 
first conductivity type serving as a carrier source, a 
depletion layer may be formed at the surface of the 
well below the plate electrode at the time of writing, 
thereby inducing a resistance leading to a voltage 
loss. Consequently, a large write voltage becomes 35 
necessary and thus it is preferable to provide the at 
least one region of the first conductivity type in the 
well. 

The plate electrode serves as one of the capac- 
itor electrodes while the inversion layer generated in 40 
the substrate surface in the well region serves as the 
other capacitor electrode. In the first MOS transistor, 
the gate electrode serves as one of the capacitor 
electrodes while the inversion layer in the substrate 
surface serves as the other capacitor electrode. Data 45 
can be written by hot electron injection or by Fowler- 
Nordheim (FN) tunneling injection. In the case of hot 
electron injection, a voltage is applied between the 
current conducting regions of the first MOS transistor, 
and a selected word line is energized. The word line so 
voltage (write voltage) is capacitively coupled to the 
floating gate such that a voltage appears on the float- 
ing gate which is dependent on the capacitance ratio 
of these capacitors. The first MOS transistor is biased 
to a conductive state, and carriers are injected into the 55 
gate electrode of the first MOS transistor. In the case 
of FN tunneling, the current conducting regions of the 
first MOS transistor are grounded and a selected 



word line is energized. 

The number, position, and shape of the at least 
one region of the first conductivity type formed in the 
well may be arbitrary as long as it is formed in the well 
adjacent to the plate electrode so as to be capable of 
serving as a carrier source. For example, the carrier 
source region may be formed as one or more rectan- 
gular regions adjacent to the well region where the in- 
version layer is to be formed, or may be formed as a 
ring-like or a frame-like region partially or entirely en- 
closing the well region. In addition, the carrier source 
of the first conductivity type may positionaliy overlap 
the plate electrode. If a second MOS transistor is 
formed in the well with its current conducting regions 
being used as the carrier source of the first conduc- 
tivity type and its gate electrode as the plate elec- 
trode, the carrier source and plate electrode can be 
formed in exactly the same way as the CMOS tran- 
sistors of the logic LSI. Although the well and the at 
least one region of the first conductive type need not 
necessarily be commonly connected to the same po- 
tential, it Is preferable that they be commonly con- 
nected to each other to simplify the circuit and pre- 
vent the breakdown of the PN junction within the well. 

The EEPROM provided by the present invention 
is functionally equivalent to the conventional stacked 
gate type EEPROM, but may be formed through the 
standard CMOS process. Consequently, the EE- 
PROM and logic section such as a gate array or a mi- 
croprocessor can be easily mixed together on one 
chip. Furthermore, two MOS transistors can form one 
cell. Although the EEPROM cell provided herein is 
lower in integration density than the stacked gate 
type EEPROM, generally this does not give rise to a 
problem in terms of the used chip area because it is 
normally used for applications requiring relatively 
small memory capacity. 

An embodiment of the invention will now be de- 
scribed in detail byway of example, with reference to 
the following drawings: 

Figure 1 is a schematic view illustrating the gen- 
eral configuration of an EEPROM cell according 
to the present invention; 

Figure 2 is a perspective view illustrating the gen- 
eral configuration of the EEPROM cell shown in 
Figure 1; 

Figure 3 is a view illustrating the write operation 
by hot electron injection of the EEPROM cell of 
Figure 1; 

Figure 4 is a view illustrating the write operation 
by FN tunneling of the EEPROM cell of Figure 1; 
Figure 5 is a view illustrating the read operation 
of the EEPROM cell of Figure 1; 
Figure 6 is a view illustrating the erase operation 
by PMOS FN tunneling of the EEPROM cell of 
Figure 1; 

Figure 7 is a view illustrating the erase operation 
by NMOS FN tunneling of the EEPROM cell of 
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Figure 1 ; 

Figure 8 is a symbol representation of the EE- 
PROM cell of Figure 1; 

Figure 9 is a partial circuit view illustrating the 
EEPROM array using the EEPROM cell of Figure 
1; and 

Figure 1 0 is a view illustrating the operation of the 
EEPROM array circuit shown in Figure 9. 
The EEPROM cell shown in Figures 1 and 2 com- 
prises an NMOS transistor and a PMOS transistor 
with their polysificon gates connected in common. 
Referring therefore to Figures 1 and 2, reference 
number 1 is a P-type semiconductor substrate, 2 and 
3 are elements constituting an NMOS transistor; 2a 
is an NT diffusion source region, 2b is an NT diffusion 
drain region, and 3 is a gate electrode. A gate oxide 
film (not shown in the drawing) is formed between the 
gate electrode 3 and the semiconductor substrate 1. 
Reference number 4 is an N well. Furthermore, refer- 
ence number 5a, 5b, 6, and 7 are elements constitut- 
ing a PMOS transistor; 5a and 5b are P* diffusion re- 
gions corresponding to the source/drain regions of 
the PMOS transistor, 6 is an diffusion region serv- 
ing as a well contact, and 7 is a gate electrode. Agate 
oxide film (not shown in the drawings) is formed be- 
tween the gate electrode 7 and the N well 4. As shown 
in Figure 1 , the two gate electrodes 3 and 7 are com- 
monly connected to form a floating gate 8. As shown 
in Figure 2, the gate electrode 3 of the NMOS tran- 
sistor and the gate electrode 7 of the PMOS transistor 
can be formed as a continuous polysilicon electrode 
8. Furthermore, reference number 9 is a drain termi- 
nal and 10 is a source terminal. Trie N + region serving 
as a well contact and the P* regions 5a and 5b are 
commonly connected to a control gate terminal 11. 

<Write Operation> 

The write operation for the EEPROM cell may be 
performed by NMOS channel hot electron injection 
(NCHE) and NMOS FN tunneling (NFN). 

First, the NCHE writing operation will be descri- 
bed with reference to Figure 3. The terminal 10 is held 
at a ground level or 0 V, the terminal 9 is held at a pos- 
itive medium voltage level Vds, and the control node, 
or control terminal 11 is held at a positive high voltage 
level Vp. In this state, an inversion iayer is formed at 
the interface between the N well 4 and the gate oxide 
film. In addition, an inversion iayer is formed at the in- 
terface between the P-type semiconductor substrate 
1 and the gate oxide film. At this time, a positive high 
voltage determined by the ratio of a capacitance Cgp 
between the former inversion layer and the gate elec- 
trode 7 to a capacitance Cgn between the latter inver- 
sion layer and the gate electrode 3 is generated in the 
gate electrode 3. Consequently, the NMOS transistor 
is rendered highly conductive, and a high electric field 
occurs in the neighborhood of the N + diffusion drain 



region 2b, thereby generating hot electrons. Elec- 
trons accelerated by the electric field are injected 
from the N + diffusion drain region 2b into the gate 
electrode 3 with the result that the gate electrode 3 

5 is negatively charged, and the gate electrode 7 con- 
nected to the gate electrode 3 is also negatively 
charged. Since the floating gate 8 comprising the 
gate electrodes 3 and 7 are electrically insulated from 
other elements, such a charged state is held for a long 

10 time. 

Next, NFN writing will be explained. As shown in 
Figure 4, the terminals 9 and 10 are grounded while 
a high voltage (Vp) is applied to the terminal 11. This 
writing method may be adopted when the gate capac- 

15 itance ratio (Cgp/Cgn ratio) is larger than 2 or 3. In 
such state, FN tunneling occurs at the NMOS gate ox- 
ide film. Electrons are injected from the N* diffusion 
regions 2a and 2b into the gate electrode 3. The num- 
ber of injected electrons is determined by the Vp and 

20 Cgp/Cgn Ratio and represented as a linear function 
of Vp. Consequently, this operation can be used for 
storing analog data. 



25 



<Read Operation> 



The principle of the data read operation will be 
explained with reference to Figure 5. The electrical 
conductivity of the NMOS transistor varies with the 
amount of negative charge on the floating gate elec- 

30 trode 8. During data reading, the terminal 10 is 
grounded, the terminal 9 is precharged to a medium 
voltage, and a medium voltage is applied to the ter- 
minal 11. In the absence of negative charge at the 
floating gate, a voltage dependent on the gate capac- 

35 itance ratio appears at the gate electrode 3, thereby 
forming an inversion layer at the interface between 
the P-type semiconductor substrate 1 and the gate 
oxide film. Consequently, a conductive state is gen- 
erated between the N+ diffusion source region 2a and 

40 the NT diffusion drain region 2b, and the NMOS tran- 
sistor is turned on. Therefore, this state is detected as 
a variation in the potential at the terminal 9. On the 
other hand, when the floating gates 3 and 7 are neg- 
atively charged, no inversion layer is formed at the in- 

45 terface between the P-type semiconductor substrate 
1 and the gate oxide film with the result that there is 
no electrical conduction between the N* diffusion 
source region 2a and the N + diffusion drain region 2b. 
Consequently, the NMOS transistor is off. This is de- 

50 tected by the potential of the terminal 9 not changing. 
Thus, data can be read by sensing the on/of f state of 
the NMOS transistor. 



55 



<Erase Operation> 

The erase operation can be performed by FN tun- 
neling at the PMOS gate (PFN) and by FN tunneling 
at the NMOS gate (NFN). 
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The erase operation by FN tunneling at the 
PMOS gate will be explained with reference to Figure 
6. This erase operation may preferably be used when 
the Cgp/Cgn ratio is smaller than 1 (the PMOS tran- 
sistor has a larger gate to substrate voltage than the 
NMOS transistor). In the opposite case, it will be pre- 
ferable to use the erase operation shown in Figure 7. 

In the case of the erase operation by the PMOS 
gate FN tunneling, the terminals 9 and 10 are set at 
the ground level (namely 0 V) and when a high voltage 
Ve is applied to the terminal 11, a high electric field is 
generated between the floating gate 8 and the P + dif- 
fusion regions 5a and 5b to cause an FN tunnelling 
current to flow. Consequently, the charge of the float- 
ing gate 8 is removed and data is erased. 

Next, the erase operation by the NMOS gate FN 
tunneling will be explained with reference to Figure 7. 
The control terminal 11 is placed at the ground level. 
A high voltage Ve is applied to the fsT diffusions. A 
high electric field is produced between the floating 
gate 8 and the N + diffusion regions 2a and 2b to effect 
the FN tunneling. Consequently, the charge of the 
floating gate 8 is removed and data is erased. 

The EEPROM cell having the above configura- 
tion is very compatible with the ordinary CMOS logic 
LSI structures and can be formed on the same chip 
along with a logic circuit or the like, without requiring 
special processing. 

<EEPROM array circuit> 

The EEPROM cell according to the present in- 
vention can be represented with the symbol shown in 
Figure 8. Referring to Figure 8, reference numbers 8, 
9, 10 and 11 are, respectively, the floating gate, the 
drain terminal, the source terminal, and the control 
gate terminal. 

Figure 9 shows the basic configuration of one 
embodiment of an EEPROM array circuit in which the 
structure units (memory cells) are arranged in rows 
and columns. In Figure 9 two word lines WLj and WLj 
+ 1 are arranged in row direction. A plurality of mem- 
ory cells are connected to each word line. The word 
line WLj is connected to the control gates of the mem- 
ory cells (i, j) U, (i, j) U and (i+1 . j) U, whereas the word 
line WLj + 1 is connected to the control gates of the 
memory cells (i. j+1) U, (i, j+1) L, and (i+1, j+1) U. 
Each word line is connected to a word line potential 
control circuit Bit lines BLi and BLi + 1 and ground 
lines GL(M, 0 and GL (i, i+1) extend in column direc- 
tion. The bit lines are connected to the drain terminals 
9, and the ground lines are connected to the source 
terminals. Each of at least some of the bit lines, such 
as BLi, is shared by a pair of cell columns. Memory 
cells of the upper column of each pair of columns 
sharing a bit line are indicated by a letter U whereas 
the memory cells of the lower column are indicated by 
a letter L Each of at least some of the ground lines is 



shared by two columns of memory cells connected to 
different bit lines. Each bit line is connected to a bit 
line potential control and sense circuit. And each 
ground line is connected to a ground line potential 

5 control circuit. In this connection, it is to be noted that 
the wells of the cells of each row may be formed as a 
single elongated region extending along the row. It 
should be also noted that the term "ground line" rep- 
resents a virtual ground line and does not necessarily 

10 mean that the line is fixed to the ground level. 

Next, the operation of the EEPROM array shown 
in Figure 9 will be explained with reference to Figure 
10. In the case of this embodiment, the EEPROM ar- 
ray shown in Figure 9 was formed by the standard 0.8 

15 uin CMOS process. The thickness of the gate oxide 
film was set to 15 nm (150 Angstroms), the gate 
length of the PMOS and the NMOS transistors was 
set to 0.8 urn, and the gate capacitance ratio 
(Cgp/Cgn) was set to 2/3. The difference in the gate 

20 capacitance between the PMOS and the NMOS tran- 
sistors was imparted by varying the gate width. 

Figure 10 illustrates the write, read, and erase 
operations for the memory cell (i, j) L shown in Figure 
9. In this particular embodiment, data is written 

25 through the NCHE injection described with respect to 
Figure 3, and data is erased through the PFN tunnel- 
ing injection explained in Figure 6. During writing, for 
example, 13 V is applied to the word line WLj and 8 
V is applied to the bit line BLi and the ground line GL 

so (i-1, i). Other bit lines and ground lines are held at 
ground level. In the memory configuration of Figure 
9, one pair of memory cells are selected by one word 
line and one bit line and the memory cell that will re- 
ceive the ground level on its associated ground line 

35 is finally selected from within this one pair of memory 
cells. The ground line for the non-selected memory 
cell is set to the same potential as the bit line in order 
to prevent the writing into the non-selected cell. In this 
example, the cell (i, j) L is selected, and its floating 

40 gate is negatively charged by NCHE injection. By this, 
a binary value, for example, binary 1 , is written into 
the cell (i, j) L. As a result of this writing, a threshold 
voltage shift of about 5 V is obtained. The other binary 
value, for example, binary 0, is represented by the 

45 floating gate not being negatively charged. 

During reading, the bit line BLi associated with 
the cell (i, j) L is precharged to 5 V. The ground line 
GL (i, i+1) is kept at the ground level. The ground line 
GL 0-1, i) is charged to 5 V and the word line WLi is 

so charged to 5 V. The purpose of charging the ground 
line GL (i-1, i) associated with the memory cell (i, j) U 
to 5 V is to prevent the reading of data from the cell. 
When the floating gate of the cell (i, j) L is not nega- 
tively charged and thus a binary 0 is stored, the 

55 NMOS transistor of the cell (i, j) L is rendered conduc- 
tive and the bit line BLi is discharged through this 
NMOS transistor (curve 26 in Figure 10). The change 
in the potential of the bit line BLi is detected by the as- 



BNSDOCID: <EP 06239S9A2_L> 



# 



EP 0 623 959 A2 



10 



sociated sense circuit When the floating gate of the 
cell (i, j) L is negatively charged and thus a binary 1 
is stored, the NMOS of the cell (i, j) L is not rendered 
conductive. The bit line BLi stays at the high level 
(curve 28 in Figure 10). In case where the cell (i, j) L 5 
stores a binary 0 and the cell (i, j) U also stores the 
binary 0, the NMOS transistor of the cell (i, j) U will 
be rendered conductive as well when the bit line BLi 
is discharged. Then, the ground line GL , i) will be 
discharged to a low level (curve 22 in Figure 10). How- 10 
ever, this has no influence on the read operation. 
Otherwise, the ground line GL (i-1, j) stays high 
(curve 24 in Figure 10). 

When erasing data, the word line WLi is driven to, 
for example, 18 V, and the bit line and the ground line 15 
are kept at the ground level. This eliminates the 
charge of the floating by the PFN tunneling. 

In Figure 10, NCHE injection was used for writing 
and PFN tunneling for erasing. However, depending 
on the gate capacitance ratio, the NFN tunneling in- 20 
jection can be used for both writing and erasing. 

The EE PROM cell described above is compatible 
with the normal CMOS logic LSI structures. It can be 
formed on the same chip together with logic circuits 
etc., through the CMOS process without requiring any 
special steps. Typically one cell can be formed with 
two MOS transistors. Although the integration density 
is lower than with a stacked gate EEPROM, the pres- 
ent EEPROM does not give rise to any problems in 
terms of the chip area used since it is usually used lor 
applications requiring relatively small storage capaci- 
ty. 



25 



Claims 

1. An electrically erasable and programmable read 
only memory (EEPROM) cell comprising: 

a first MOS transistor (2, 3) formed in a 
semiconductor substrate (1) of a first conductiv- 
ity type and having current conducting regions of 
a second conductivity type (2a, 2b) and a gate 
electrode (3); 

a well (4) of said second conductivity type 
provided in said substrate; and 45 

a plate electrode (7) formed on said well 
with an insulating layer interposed therebetween; 

the gate electrode of said first MOS tran- 
sistor and said plate electrode being connected in 
common to form a floating gate (8), and said well so 
serving as a control gate. 

2. The EEPROM cell of claim 1, further including at 
least one region (5) of the first conductivity type 
formed in said well (4) adjacent to said plate elec- 55 
trode (7). 

3. An EEPROM cell according to claim 2, further 



comprising a second MOS transistor formed in 
said well and having current conducting regions 
of said first conductivity type (5a, 5b), said at 
least one region of said first conductivity type 
serving as at least one current conducting region 
of said second MOS transistor, and said plate 
electrode (7) serving as the gate electrode of 
said second MOS transistor. 

The EEPROM cell of any preceding daim, where- 
in said first conductivity type is P-type and said 
second conductivity type is N-type, said first 
MOS transistor being an NMOS transistor. 

The EEPROM cell of any of claims 2 to 4, wherein 
said first MOS transistor has first and second cur- 
rent carrying regions (2a, 2b) connected to a bit 
line and a ground line, respectively, and said well 
(4) and said at least one region (5) of said first 
conductivity type are commonly connected to a 
word line. 



6. An EEPROM array comprising: 

a plurality of EEPROM cells as claimed in 
claim 5, arranged in rows and columns; 
a plurality of word lines; 
a plurality of bit lines; 
a plurality of ground lines; 
said word lines being provided one for 
30 each of said cell rows and each commonly con- 

nected to said wells and said regions of said first 
conductivity type in its associated cell row; 

each of at least some of said bit lines being 
shared by a pair of cell columns and commonly 
35 connected to first current conducting region of 

said first MOS transistors in its associated pair of 
cell columns; and 

each of at least some of said ground lines 
being shared by a pair of cell columns connected 
40 to different bit lines and commonly connected to 

the second current conducting region of said first 
MOS transistors in its associated pair of cell col- 
umns. 



The EEPROM array of claim 6, further compris- 
ing: 

word line potential control means connect- 
ed to said word lines; 

bit line potential control and sense means 
connected to said bit lines; and 

ground line potential control means con- 
nected to said ground lines. 

A CMOS logic LSI chip having a logic circuit, said 
chip including a plurality of EEPROM cells ac- 
cording to any of claims 1 to 5, arranged in rows 
and columns in a portion thereof. 
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9. A CMOS logic LSI chip having a logic circuit, said 
chip including an EEPROM array as claimed in 
claim 6 or 7 in a portion thereof. 
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(g) EEPROM cell. 
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An EEPROM cell has a first MOS transistor 
formed in a semiconductor substrate 1 of a first 
conductivity type and having current conduct- 
ing regions 2a v 2b of a second conductivity type 
and a gate electrode 3, a well 4 of a second 
conductivity type provided in the substrate, a 
plate electrode 7 formed on the well with an 
insulating layer interposed therebetween, and 
at least one region 5 of the first conductivity 
type formed in the well adjacent to the plate 
electrode. The gate electrode and the plate 
electrode are connected in common and act as 
a floating gate 8. The well acts as a control gate. 
The EEPROM cell can be manufactured with 
ease by the standard CMOS process. 
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